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Translated  by  \\ 

1*  Thoorotical  Part 

1.  Cn  the  frictional  resistance  of  strewing  air 

.  t  Jho  frictional  resistance  of  streaming  air,  which  always  attracts 
attcr.t.  on  vhon  air  streams  over  a  solid  surfaeo,  is,  owing  to  the  inner 
nobility  of  tho  air,  from  another  point  of  view  liko  the  "dry  friction” 
of  two  solid  bodies  sliding  over  each  other.  Tho  air  layer  which  im¬ 
mediately  borders  the  body  adheres  closely  to  tho  body  and  tho  actual 
frictional  procoss  thoroforo  takes  jisco  entirely  within  the  streaming 
air.  Both  the  molecular  motion  and  tho  turbulent  mixing  mothion  which 
exists  throughout  tho  streaming  air,  under  certain  conditions  which  fre¬ 
quently  occur,  cause  &  velocity  interchange  (auctaasch)  between  tho  ad¬ 
jacent  layers  and  thereby  an  increasing  retardation  also  of  tho  cuter 
layers  from  tho  adhering  section.  In  tho  presence  of  thi3  auotansch  tho 
portion  which  is  moro  rapidly  approaching  from  tho  outsido  is  arrested 
by  mixing  in  tho  inner  portions,  and  that  which  is  approaching  moro 
slowly  from  tho  inside  is  driven  on  by  that  coming  from  tho  outside. 

This  signifies,  if  ono  summarizes  tho  dynamic  effect  of  those  motions  by 
averago  values,  a  system  of  frictional  tensions  in  tho  streaming  air 
masses  which  is  also  imparted  to  tho  body  in  tho  stream  ,  and  in  its 
total  effect  assorts  itoolf  as  frictional  resistance. 

Tho  regularity  of  tho  frictional  resistance  of  air  streaming  over 
a  surface  can  bo  rolatcd  with  the  ease  for  streaming  in  a  long  straight 
tube.  Here  tho  frictional  tension  on  tho  wall  (shearing  stroso  *  ?si 
in  tho  fluid  in  tho  immediate  vivlnity  of  tho  wall)  is  correlated  with 
the  pressure  gradient  in  a  simple  manner.  It  is  (equilibrium  of  a  cyl¬ 
inder  of  radius  r  and  length  1; 

f%) o?  g  i~r- 

Through  this  relation  tho  shearing  stroso  *7“ is  experimentally  accessible 
according  to  tho  study  of  K.  Blasius  1)$  for  turbulent  streaming  one 
obtains,  with  u/  *  velocity  in  tho  center  for  Reynold's  numbers  Si.A 
from  1200  to  about  30000,  tho  approximate  formula  a* 

in  which  V  is  a  number  approximately  of  tho  magnitude  0.045.2).  For 
larger  Reynold's  numbers  ono  would  obtain  smaller  exponents  instead  of 
v  3). 


/ 


Tho  frictional  stress  appears  horo  dependent  cm  ths  tubo  radius  and 
on  tho  velocity  in  tho  center  (which  probably  can  be  derived  by  appropriate 
transformation  of  tho  averago  velocity  which  was  found  in  the  tube  studios). 
Ono  may  suppose  that  neither  tho  tubo  radius  or  tho  velocity  in  tho  center 
has  an  inward  rolation  to  tho  wall  friction,  howover  they  appear  hero  only 
formally,  whilo  in  reality  only  tho  flow  relations  in  tho  vicinity  of  tho 
wall  aro  of  importance  to  the  wall  friction.  On  the  other  hand  it  can  also 
bo  oxpeoted  then  that  tho  velocity  profilo  in  tho  rogion  of  tho  wall  is 
alono  dotorainod  by  tho  law  of  friction. 


•  • 


This  train  of  thought  has  proved  very  productive.  In  order  to  express 
it  in  a  formula  ono  will  look  for  the  valuer  which  still  remain  when  neither 
u7  or  r  shall  appear  in  the  formula.  I.'cxt  lot  a  velocity  C  bo  defined  math¬ 
ematically  from  the  shearing  otreas  ■y*  in  which  ono  places  9--  /_<d  ■* 

*  A 

Thon  a  kind  of  Roynold 1 s  number  can  bo  formed  right  hero  from  tho  kinematic 
viscosity  a*,  the  wall  interval  y,  and  tho  velocity  u.  .>t  _  -.  w 

(One  could  also  form  Cy;  however  formula  3) has  proved  to  be  suitable) 

One  can  now  fit  tho  thoughts  givon  above  into  formulas  in  which  the  formula 

ie  combined  with  equations  2) and  3\  Tho  various  velocity  distributions  can 
be  separated  according  to  4)  only  by  the  velocity  factor  C  ?y'2£uad  by  the 
measure  y  which  was,  corresponding  to  overy  .14,  changed  as  a  'consequence  of 

3) .  The  form  of  the  function  is  new  obtained,  if  ono  assumes  that  equation 

4) lfl  applicable  to  the  center  of  tho  tube,  by  introduction  of  the  values  of 

and  u,  which  are  obtained-  f rax  2)  and  4}for  -  :>/_I  One  next  puts  down 
for  l)the  general  fora  '  /a 

5"'  V'  tr')  /O 

so  that  due  to  2)  and  4) 


thus  ^  1 

and  coneoquontly  in  general 

?&)-  e  ^  s 
From  this  illation  we  obtain  u  from  4')whilo  from  3/^2  obtain  ^  •  The 

relationship  of  u  and  y  thus  appears  next  in  parametric  fox**a.  Fox*  tho  special 
fora  of  equation  1)  /  .  /  s. 

■?(%)•  •pGP 


rCti)  '^ihx 


Therefore 


*  f$P 


or  after  solving  with  respect  to  u: 


2- .  @f(£> 


v  Thus  wo  obtain  u  proportional  to  the  7th  root  of  y  (dec 

0  Fig.  1  which  illustrates  this  relation).  In  the  centor 

of  the  tubo  itself  this  law  docs  not  indeed  hold  truo 

- -  ■*!  exactly,  compared  to  our  illustration  the  numerical 

- — «  factor  of  equation  6) still  vario3  only  a  littlo  through 

,,  7.  J  this  doviation.  In  tho  case  of  Hoy n old'  a  numbers 

<  /  under  50000  tho  p'roportionality  with  the  7th  root  of  the 

wall  interval  throughout  the  study  will  be  sufficiently 
f  ~  ’  good.  In  the  caso  of  highor  Reynold’s  numbers,  in  which 

the  Blaaiua  law  is  no  longer  exactly  true,  tha  velocity  distributions  also 
vary  somewhat  and  indeed  in  the  sense  that  instead  of  the  7th  root  of  y  there 
appears  the  6th  or  9th  root. 


Th°  preceding  relations  for  the  tube  flov:  con  nov;  also  bo  employed 
Tor  nov;  along  a  plate .  In  this  case  one  mast  place  the  thickness  S  or 
uno  section  influenced  by  friction  at  the  position  of  the  tube  radius. 

Tins  section  for  the  most  part  is  relatively  thin;  it  increases  slowly 
alon^  the  atroan.  For  the  frictional  ro3ista.  sc  ono  now  has  two 
possibilities  of  expressions  oiie  the  ono  hand  it  is  the  combined  effect 
°A  frictional  stresses  on  the  surface  of  tho  body,  on  the  ether  hand 
it  produces  retardation  of  the  fluid  rasa  which  is  affected  by  friction 
and  can  bo  calculated  from  its  loss  of  impulsion.  For  uniformity  in  tho 
broad  sense  the  loss  of  impulsion  can  be  obtained  if  u  /  signifies  the 
velocity  of  tho  undistorted  flow,  and  u  signifies  the  velocity  in  the 
interval  y  from  the  wall,  < 

^ 

(fudy  =  the  maos  flowing  through  in  the  unit  of  time  bctv.'eon  y  and  y  f  dy, 
u, -  u  •»  velocity  variation).  If  one  accepts,  according  to  what  was  developed 
oarlier,  that  ) *  represents  a  good  approximation,  then  ono  obtains  a 

short  equation 

7CZ  F‘<.  ef  7) 


«/ 

vtf  -> 


The  calculation  of  resistance  from  the  shear  stress  is  made  most  convenient 
if  one  next  ascertains  the  increase  in  resistance  uV.‘  about  the  friction 
provoking  surface  around  dl.  For  uniformity  in  the  broad  sense  we  again 

hav#  «*.  m 

or,  if  Elasiuo1  Law  l)is  used  / 

of'/*  (£f  £■) 

On  the  other  hand,  according  to  oquaticn  Ij,  since  J~W 

*> 

thus  .  . 

sg  -  3£f(Z)y 

Vs*  Vf&ff 

°r  /  f  ?  f  v 

/  =  ('?£)  {?£,)  ^ 

and  therefore  equation  7)  yields  */  a. 

*  -  &%/*&(&> 

ly  =  2.0  V3  £  )  "J 

Thereby  we  obtain  tho  coefficient  of  frictional  resistance  if  in  addition 
tho  Reynold's  number  of  the  surface  with  length  1,  /?:  is  introduced, 

-  A  ' 

Cf  s  S.a&sj  *  /*) 

This  law  is  surprisingly  well  fulfilled  by  tho  experimental  results .  It 
can  only  then  naturally  occur  when  the  condition  of  disturbance  appears  in  tho 
immediate  vicinity  of  the  anterior  edge.  In  the  studies  of  Wicsclsbergcr,  in 
tho  1st  number,  p.  121-126,  wo  were  informed  that  this  was  tho  case.  Tho  ex¬ 
perimental  points  for  tho  surfaces  which  are  covered  with  six  layers  of  span¬ 
ning  substance  (plato  numbers  151-154  of  the  first  issue)  wore  well  reproduced 
in  tho  caso  of  tho  lower  and  middle  Reynold's  numbers  by  equation  1$  in  tho 


addition 


lumbers. 


Ciw*v  of  «r. .  irnghccw  Royiioid *  s  .,m.. 
of  a  kind  liko  those  which  appear  op  a 
reoislar.ee.  The  numerical  value,  O.o? 
a  not  completely  preciso  evaluation,  vi 
deviations.  The  above  V/iesolsbcrgcr  s 


formula 


a.oT/'J} 


ir.  cj  prison,  there  res 
•site  ^issius1  Lav.*  in  the 
1  in  equation  12),  which  i 
•ill  thus  bo  able  to  lead 
tudioo  are  best  dcuonotrc 


u].t  d,.  via*  .ions 
case  of  tui.'lui- 

,0  00  1 1'CrTi 

to  slight 
.ted  by  tho 


In  tho  studio 8  of  Cob ora  (Footnote  1)  and  sinilar  studios  in  which  well 
sharpened,  plates  wero  dragged  through  uator,  ono  still  hos  no  turbulence  in  tho 
region  next  to  the  leading  edge,  but  instead  tho  flow  hero  is  laminar  end  the 
resistance  much  smaller  than  according  to  12).  Tho  theory  (Footnote  2),  in  tho 
event  that  the  flow  along  the  whole  plate  is  laminar,  provides  the  formula 

r  S.327'jj*  s3) 

The  latter  is  valid  up  to  a  critical  value  R»  of  ?.  -~r£-  (Footnote  3-Fro.a  hero  on 
out, y which  is  a  more  usual  term  in  rosistanco  problems,  will  bo  used  instead  of 
tlie  velocity 2e,)  which  in  the  case  of  Cober’s  studies  lios  at  about  500, 00D. 

For  larger  R  l&uinar  flow  exists  at  tho  leading  edge  up  to  1'  =  50Q.C0Gv.  from 
there  on  turbulent  exists.  Ono  assumes  that  tho  friction  v 

in  the  turbulent  portion  is  distributed  according  to  tho  sane  law  which  wo  havo 
derived  at  tho  outset;  thus  tho  deviation  from  tho  laminar  basis  results,  in 
this  section,  in  a  lessining  of  resistance  in  tho  length  1* ,  which  corresponds 
to  a  lowering  of  c^  from  the  value  of  formula  12a),  to  that  of  formula  13p 
assuming  ooht  values  for,  R* .  In  tho  value  cm  for  tho  entire  plato,  this 
lessening  of  resistance  has  a  fractional  ratio  l'/l,  for  which  R'/R  can  also  bo 
written.  Thus  for  R*  ft* ,  (c^  -  )ft'/R  is  to  bo  subtracted  from  tho  valuo 
according  to  oquation  12a^  wKich,  with  c^  -  a  0.0035  and  R'  *  435000,  gives 
the  amount  1700/tt.  Therefore,  for  turbulent  frictional  flow  with  laminar  onset, 
one  obtains  the  formula: 


$ 


«•«?»>  - 


J7(.  ©__ 

->iy 


(Footnote  4  -  The  verification  of  tho  section  points  of  tho  cA  curves  after 
equations  13)  and  14)  gives  the  exact  values  R'  =  487000,  =  0.00539, 

C/*  »  0.00190,  sad  c^f  —  Cy  a  0.349). 


Instead  of  the  value  17000,  another  numerical  value  can  appear  in  a 
different  case  with  smaller  or  larger  critical  Reynold's  numbers  (For  example: 
when  occasioned  oy  larger  or  smaller  initial  turbulence). 


Formula  14)  agroes  vv-ry  very  satisfactorily  with  the  Gobors  values  so 
that  the  latter  alao  provides  a  confirmation  of  tho  basic  conception  brought  • 
forward  here.  In  Fig.  2  tho  three  laws  12a),  13),  and  i4)  arc  reproduced  by 
tho  lines  X,  H,  and  HI;  thus  the  above  mentioned  measurements  of  Wiccelsborgor 
in  air  on  surfaces  of  substances  covered  with  6  layers,  thoco  of  Colors  on 
glass  plates  drawn  through  water,  and  moreover  a  study  series  made  by  Blaoius 
with  brass  strips  dragged  through  water,  arc  the  ones  which  cover  the  smaller 
Reynold's  numbers.  In  thoir  case  a  deduction  of  0,0006  for  each  individual 
c f  value  is  made  for  the  form  of  resistance,  which  improves  the  agreement  and 
also  is  really  Justified. 


The  preceding  considerations  stem  from  tho  autumn  of  1920.  In  the  first 
ua  (Vo) .  l) ,  it  wa3  only  possible  to  add  a  short  correction  cinco  tho  text 
in  consideration  was  already  printed.  In  this  correction,  our  formula.  i»> 
included  with  a  slightly  different  numerical  factor.  All  the  questions  which 
aro  dependent  on  the  law  of  the  7th  root  havo  been  taken  up  also  by  Prof,  von 
Kansan,  Aachen.  Ho  had  corrected  this  in  tho  Zcit3Chrlft  fur  Angew.  Math,  und 
Kech.,  Vol  1  (1921):  S  233  f.  A  valuable  experimental  contribution  to  tho 


question  of  frictional  rocistur.cc  of  air  flow  meanwhilo  qrpeared  in  the 
dicccrtfiwion  of  Van  cer  Kegge  Zijnon  which  was  produced  in  the  Burger's 
Laboratory  in  Delft  (Thesis,  Delft  1924),  see  also  J.  M.  Burgers,  Froc. 
of  the  lot  International  Congress  for  Applied  Mechanics,  Delft,  1924, 
p  113  f.  Additional  literature  is  given  there  on  p  123. 


Figure  2 


The  relationships  depicted  here  are  bn..cd  primarily  on  snoot h  plnte3 
aloo  penult  conclusions  on  tho  frictional  rcsistanco  on  airplane  wings. 

Tho  latter  will  in  gcnoral  altirays  bo  somewhat  larger  than  the  resistance  on 
smooth  plat03  since  the  velocity  in  tho  case  of  airplane  x.-ings  is  unequally 
distributed,  is  greater  at  tho  place  of  larger  velocity,  and  is  not  bal¬ 
anced  by  the  lesser  resistance  at  the  place  of  s.aollor  velocity.  Never¬ 
theless,  a  comparison  is  in  order.  It  is  proposed  that  tho  normal  wing 
measurement  (30m/soc  velocity  and  20ca  wing  depth)  give  a  Reynold's 
number  of  about  423000  which  is  a  value  for  which  tho  sharpened  plate- s 
yields  directly  a  nuch  smaller  resistance.  It  is  thus  to  be  expect. d  that 
wing  measurements,  in  tho  caso  of  an  approximately  three  to  four  fold 
highor  index  value  as  are  described  for  examplo  on  p  54  -  P  62  of  the 
first  issue,  are  really  raliablo  in  relation  to  the  frictional  resistance. 

Lew  studios  on  the  profile  resistance  of  the  wings,  depending  on  the  indox 
value,  are  found  in  this  issue  under  number  ITT,  7. 

Over  rough  surfaces,  the  follov/ing  observations  could  suffice  1  tho 
deceleration  of  flow  is  hore  stronger  because  the  frictional  resistance 
is  higher  throughout  than  with  even  surfaces.  To  be  sure,  slightly  rough 
surfaces  could,  especially  in  the  caso  of  sujall  Reynold's  numbers,  exhibit 
Just  as  technically  smooth  a  flov;  if  the  roughness  remains  completely  em¬ 
bedded  in  tho  laminar  flowing  layers.  V/ith  higher  Reynold *3  numbers,  where 
this  layer  is  thinnor,  such  roughness  could  become  noticeable  duo  to  tho 
increased  resistance.  Tho  coefficient  of  resistance  of  very  rough  surfaces 
is  in  general  completely  independent  of  the  Reynold's  number;  seo  Issue  1, 

Fig.  75,  p  123  (Surface  nutbrlal  v/ith  filament  peeled  off).  Y;o  arc  dealing 
with  a  smooth  kind  of  body  resistance;  in  contrast  tho  coefficient  of  re¬ 
sistance  is  dependent  on  the  ratio  of  size  of  curve  (surface  imperfection) 
to  tho  object  chord  (size),  such  as  also  is  obtained  from  tho  studios  on 
channels  with  rough  wall 3  (See  Hopf  and  Fromm,  Zeitschrift  fur  angow. 

Math,  und  Mech.,  3  (1923) :329  and  339).  It  would  also  be  possible  to  draw 
conclusions  from  tho  channel  studios  on  tho  frictional  resistance  on  plates,  r 
yet  a  remark  on  this  matter  may  bs  o.nittod  hero  until  tho  laws  for  resist¬ 
ance  of  rough  plates  are  bettor  studied. 

2.  On  eddy  turbulence  and  its  prevention. 

Eddies  which  are  formed  by  circulation  behind  the  bodies  are  of  great¬ 
est  importance  for  tho  occurcnco  of  resistance  which  results  from  the  press¬ 
ure  differences.  Tho  origin  of  such  turbulence  is  closely  correlated  with 
the  fluid  layer  which  is  retarded  by  friction  which  surrounds  the  non 
flowing  body  like  a  garment.  This  frictional  section  is  subjected  to  tho 
same  accelerating  and  retarding  pressure  differences  which  affect  the,  un- 
disturbod  flow  outside.  If  tho  outer  flow  accelerates  due  to  a  pressure 
drop  in  it3  direction  of  motion,  then  the  retarded  oseti-ns  near  the  wall 
undorgo  an  impulse  in  tho  direction  in  which  they  are  already  moving;  thus 
tho  flow  will  continue  its  path  along  tho  surface  of  tho  body.  If,  on  tho 
other  hand,  a  pressure  drop  against  tho  direction  of  flow  w«re  to  ar^.so, 
then  tho  freo  flow  would  bo  rotardod  by  it.  The  soctionsr.cxt  to  the  wall 


moreover  have  a  smaller  velocity;  indeed  duo  to  tho  fricti-..:;  iVc  : 
flow  they  arc  dra gged  forward,  checked  however  by  the  closing  .r;. 
drop*  If  tlvis  bo  cuiiicmontly  strong  then  ci.'.co  their  kinetic  . 
sufficiently  absorbed  a  reversal  ensues  and  they  nov:  flew  .,.ck  ..  -a' 
flow  which  is  goparting  outoido  (dee  Fig.  3).  As  nov;ly  retarded"^ 
always  experiences  tho  samo  Into,  accumulations  of  the  fluid  arise 
sdLxod  by  tho  friction  in  rotation;  those  quid  cly  form  ns  eddies  th. 
tho  wholo  strcaa  in  a  way  that  tho  pressure  step  w.iich  induced  the 
of  tho  oddy  disappears  or  at  loast  becomes  very  slight.  It  is  reuse 
this  manner  that  tho  fluid  strcaa  id  lost  frer.  tho  surface  of  the 
a  norc  or  loss  "deads  paca"  is  loft  behind  tire  body.  Tho  ration  pi 
stills  of  Pig*  6  ohow  tho  origin  of  tho  dotuch..:uut  fro. a  a  circular 


ar.tr  i  luj 


roe  *:iccs 


Ctv.v : 

1  cylinder 


The  frictional  processes  play  a  somewhat  different  role  ir*  the  c-.so  of 
a  transversely  acceioratad  flow,  as  for  c.ur.iyic  what  whies  occurs  in  curv¬ 
ed  tubes.  Horo  a  pressure  drop  across  the  dirr scion  of  fie;:  u  (  for 

tho  subjection  of  tho  "centrifugal  forco"),  tho  deviation  of  tho  individ¬ 
ual  fluid  portions  in  this  kind  of  a  pressure  drop  however  is  cii-V. r.i.l  de¬ 
pending  on  their  velocity;  tha  retarded  friction  section  in  the  re  it  so  w.ora 
strongly  retarded  than  tho  principal  flow  next  to  it,  it  ficus  t.;s--.,f.u’o 
along  tho  valla  toward  tho  inr.or  side  of  the  curvature.  This  aro-o.-s  thus, 
producos  accumulation  of  slower  fluid  on  tha  inner  side  of  the  curvature 
and  though  it  also  often  roaults  in  no  elimination  it  still  represents  a 


source  of  increased  frictional  loss.  Since  tho  original  friction  section 
will  bo  laterally  carried  away  a  new  one  must  always  be  f creed  ay. .in  at 

its  position. 


In  the  foregoing  discussion  tho  prossuro  drop  i3  considered  as  a  forco 
field  which  arises  independently  from  tho  fluid  flow,  r  or  tho  consider¬ 
ation  of  tho  partial  processes  this  is  probably  por...i3sabic,  however  tho 
pressure  distribution  itself  la  exactly  assumed  aguin  as  a  product  of  tho 
flow  processes;  this  mutual  connection  makes  tho  mathematical  treatment  of 
ths  hydrodynamic  problems  so  changed  and  effected  that  ono  primarily 
controls  mathematically  only  ouch  problems,  as  with  potential  flow,  in 
which  it  is  possible  to  replace  tho  dynamic  rolation3  by  purely  geometric 
oneo.  In  other  problems  ono  must  continuo  to  bo  guided  by  experiment  v.hon 
more  than  qualitative  information  is  desired . 


Tho  question  about  tho  moan3  for  avoiding  formation  of  eddies  and 
eliminating  flow  nevertheless  belongs  tb  those  to  whom  our  conception 
is  capablo  of  giving  qualitatively  valuable  cues. 


Tho  simplest  is  the  uoo  of  sufficiently  slender  forms  as  generally 
arc  tho  bodies  of  air  ships,  airplanes  wings  etc.  iicro  the  pressure  in¬ 
creases  in  tha  direction  of  flow  are  net  very  largo  so  that  tho  drag  action 
of  tho  outer  flow  on  tho  inner  suffices  for  verifying  it  in  front  of  the 
return  flow.  Ono  shows  that  this  "healthy  flow"  only  occurs  with  airplane 
wings  when  tho  angle  of  attack  is  not  too  large,  otherwise  "tho  flow  breaks 
away"  which  moms  in  our  viow  that  tho  pressure  increase  of  tho  "healthy" 
flow  from  tho  suction  3ido  becar.co  so  large  that  back  flows  appear  in  the 
friction  section  and  therefore  that  tho  entire  flow  is  changed,  since  now 
they  no  longer  llo  doso  to  tho  suction  3ido,  but  inotood  a  de.-.d  space  or 
eddy  space  occurs  between  it  and  tho  wing.  Similarly  this  holds  true  for 
An  Airship  with  too  blunt  a  rear  end. 

Tho  fallowing  observation  is ( still  important:  If,  as  is  the  cars  with 
small  index  nur.bors  (small  koynold  o  numbers)  tho  friction.’.!  acetic;;  flows 
laoinarly,  in  gonoral  then  it  is  very  difficult  to  bring  adjacent  a  flow 
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in  the  i-iCo  01  a  prousuro  incruucc,  siaeoi  m-.  t.io"c  c sual tlo^s  tho  bro.!'iii'" 
action  of  tho  outer  flow  io  ext ruo . r ily  smooth  or.  the  rricticn  section. 

If,  on  tho  other  hv'.iid,  tee  fricti-n-i  section  is  iteelf  turbulent,  the.'*  a  . 

::uch  larger  braking  action  e:iistu  ar.d  the  subjection  of  the  pressure  in¬ 
crease  ic  now  such  sore  possible.  The  airplane  wing  and  models  of’  3uch 
(oc  previously  described)  arc  always  in  this  last  mentioned  condition.  Hcv;- 
over,  it  io  Important  to  know  that  one  sots  large  do  .iatioas  in  relation  to 
the  separation  of  flow  if  one  co..co  downward  beiev  the  iirit  under  which  the 
friction  section  remains  laminar.  with  -  aiit  lano  wings  this  Unit  io  essent¬ 
ially  lower  than  with  ovon  plates  (about  1  ft.  of  it,  varying  with  the  decree 
of  turbulo.nco  of  the  air  stream  under  study) .  Tho  sudden  fall  of  tho  resist- 
anco  number  (coefficient  of  resistance)  of  cylinders,  adheres,  hud  ellipsoids 
(Coo  Issue  2,  Figs.  24,26,27)  likewise  is  correlated  with  the  forhatio:*.  of 
turbulonco  of  tho  friction  layer,  Ey  means  of  the  decreasing  effect  of  drag, 
tho  point  of  separation  oovaa  further  to  the  rear  from  a  point  somewhat  in 
front  of  tho  middlo  of  tho  sphere  otc,  through  which  tho  eddy  field  in  nntor- 
ially  reduced  and  the  resistance  reduced. 

A  rough  surface  increases  the  retardation  of  tho  friction  layer;  there¬ 
fore  tho  influenco  of  tho  drag  action  i3  lowered,  tho  separation  point  moves 
again  coro  forward,  and  tho  resistance  of  the  sphere  otc,  is  again  increased. 

Thero  arc  variouo  ucuna  to  prevent  tho  f creation  of  an  eddy  in  the  ease 
of  blunt  shaped  bedias  which  to  be  sure  con  not  always  bo  used.  An  espec¬ 
ially  offeclivo  means  persists  in  that  ono  can  fellow  the  body  surface  in  the 
direction  of  flow  with  tha  air  so  that  it  nowhere  runs  more  olowly  than  the 
flow.  In  this  ca3e  nowhere  does  a  retarding  of  tho  flow  occur  and  conscqucnt- 
ly  no  eddy  can  develop.  Tho  otudy  with  two  cylinders  (dee  Fig.  4)  which  arc 
counter-rotating  hao  completely  verified  this. 

•  If  one  assumes  a  alngla  rotating  cylinder,  then  'with  sufficient  rotation¬ 
al  volocity  one  of  tho  two  eddioa  will  bo  completely  suppressed;  namely  tha 
ono  on  tho  r.5.do  whora  tho  wall  motion  follows  in  the  direction  of  the  flow, 
vhorcas  the  other  eddy  ie  fully  developed.  The  end  rosult  of  these  processes, 
which  is  illustrated  by  Fig.  7,  is  &  flow  around  the  cylinder,  similar  to 
that  in  Fig.  5,  which  now  also  remains  supported  sinco  each  vail  element  ncr 
;.ovos  in  tho  direction  of  flew.  A  vory  strong  cross  “fore a"  combines  with 
tho  flow  as  in  Fig.  5  (Tho  coefficient  of  cross  forco  is  thus  theoretically 
*2T *  12.57;  in  practice  it  is  ooaewhat  cmallor).  With  looser  circumferent¬ 
ial  velocities,  tho  flow,  according  to  Fig.  5,  in  which  the  greatest  velocity 
(above  tho  cylinder)  is  four  times  the  entering  velocity,  would  precede  tho 
wall,  and  then  wo  again  would  got  eddy  formation,  tho  cross  forco  will  bo 
lose.  With  still  larger  circumferential  velocities,  a  circular  fluid 
ring  appears  to  be  around  the  rotating  cylinder;  the  cross  force  moreover, 
if  also  not  very  large,  exceeds  tho  aforementioned  amount. 

Another  method  frequently  U3ed  for  the  prevention  of  eddy  formation 
consists  in  ono  removing  the  friction  layer  at  the  places  where  it  would 
cause  accumulation  of  material,  ((l.'hcn  tho  situation  is  steady,  this  accounts 
for  elimination  fo  eddies  by  exhaustion  behind  tho  inner  bodies)).  Tho  study 
shows  that  cno  actually  prevents  oddy  formation  by  this  means,  and  thus  ono 
can  use  considerably  noro  blunt  forms  than  would  otherwise  be  possible. 

Tho  cork  involved  in  this  oxhau3ticn  is  not  largo  3ince  wo  aro  dealing  with 
relatively  snail  amounts  which  must  bo  sectioned  off. 
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One  nay  also  try  to  influence  (c. 


•or.-.ntion)  by  c-ltting  air  - 


in  tho  direction  of  flow,  in  tho  delayed  layers  along  tho  curfa: 


Sinco  wo  arc  concerned  hero  with  a  so-called  (ccr.cen 
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of  tho  braking  acticn,  a  favorable  action  crest  also  bo  established  kora.  the 
studies  show,  however,  that  tho  amounts  of  energy  to  bo  unud  for  a  s: tisfact- 
ory  result  r.uot  be  ouch  higher  than  with  tho  exhaustion  method.  Until  no;.*, 
f  Don  different  study  arrangements  of  this  kind,  only  tho  “jet  vring1*  °- 
w slotted  vine”  of  Hs'indlcy-Fajo-Lr.chr.ann  have  von  practical  significance* 

The  air  jot  which  flows  through  the  air  strata:  siphons  off  the  friction  layer 
of  the  forowing,  and  thoroforo  rakes  it  safer  for  the  hind  wing.  At  the  latter 
a  now  friction  layer  is  formed,  which  first  of  all  is  thin,  and  which,  ua:!cr 
tho  braking  offcct  of  tho  jots  coring  from  the  slot,  is  driven  sufficiently 
forward.  In  this  winner  ono  can  obtain  a  negative  pressure  on  tho  upper  side 
of  the  hind  wing  which  is  at  least  as  large  as  that  of  a  cuatcraary  wing,  and 
tho  forowing,  whoso  hind  margin  is  in  the  zone  of  tho  lowest  negative  pressure, 
can  thus  tolerate  a  still  roally  lower  negative  pressure  without  interrupt¬ 
ing  tho  flow.  With  sovoral  slots  tho  possible  negative  pressures  of  the  fo ro¬ 
wings  arc  still  larger,  still  the  energy  expenditure  also  increases  for  tho 
air  streams ' which  become  important  in  tho  resistance  of  tho  system. 


